Induction of matrix metalloproteinase gene expression in an endothelial cell line by direct interaction with malignant cells.
Mouse endothelial TKD2 cells in monolayers were cocultured with various human cell lines for 24 h, and the expression of several secreted matrix metalloproteinases (MMP) and cell adhesion molecules was examined by real-time reverse transcription-polymerase chain reaction using mouse-specific primers. Coculture with normal fibroblasts did not elicit the expression of these molecules, but coculture with cancer cells induced the expression of MMP-3, MMP-9 and MMP-10 mRNA in endothelial cells, and in normal mouse embryonic fibroblasts. The induction of MMP mRNA was dependent on direct cell adhesion, as separate culture of A549 cells in Boyden chambers did not induce MMP mRNA, and neutralizing antibody against VLA-4 abolished the induction. An inhibitor of phosphatidylinositol-3-phosphate kinase strongly suppressed the induction of MMP-3, MMP-9 and MMP-10 mRNA, and expression of the dominant-negative mutant of phosphatidylinositol-3-phosphate kinase also decreased the induction. It was suggested that intracellular reactive oxygen species (ROS) levels were increased in TKD2 cells following adhesion to cancer cells. ROS scavengers decreased the levels of MMP induction, and roterone, an inhibitor of mitochondrial complex I, strongly suppressed the induction of MMP-3, MMP-9 and MMP-10. The depletion of mitochondria in TKD2 cells decreased the induction of MMP-9, but the induction of MMP-3 and MMP-10 was not affected. These results indicate that the adhesion of cancer cells to endothelial cells activates several distinct signaling pathways to induce MMP gene expression, and the pathways for MMP-3, MMP-9 and MMP-10 are partly different. For the induction of MMP-9, mitochondria participate in induction, possibly through the production of ROS.